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I. Introduction
The notion that homeownership contributes to social harmony and to individuals' happiness and welfare is deeply rooted in the American psyche. Consequently, encouraging, subsidizing, and protecting homeownership are deeply ingrained in public policy.
Under the assumption that we will continue to subsidize homeownership as a nation, this paper examines two broad classes of homebuyer subsidies that could be directed toward households with low-to-moderate income. More specifically, I focus on the effectiveness of the two main delivery mechanisms: interest-rate subsidies and down-payment assistance. Our current tax regime already provides an interest rate subsidy to homeowners through the mortgage interest deduction.
1 However, this type of subsidy is unavailable to most lower-income households who take the standard deduction (Glaeser and Shapiro, 2003) .
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Earlier comparative research on subsidies emphasized their impact on affordability rather than their sustainability. For example, the tenure-choice literature has found that many potential homebuyers are constrained by their lack of a sufficient down payment. Therefore, downpayment assistance is more effective than interest-rate subsidies in influencing home-purchase decisions, not just here in the U.S. but also abroad (Gobillon and le Blanc, 2008; Hegedüs et al., 2004; Quercia et al., 2000 ; also see Feldman, 2001 for a comprehensive review of the tenurechoice literature). However, following the recent crisis, attention shifted from the purchase decision to the sustainability of homeownership. On this front, two questions need to be addressed: First, what is the impact of each type of subsidy on loan performance in low-tomoderate-income (LMI) areas? Second, what is the cost of such subsidies to the taxpayer?
My focus in this paper will be a hypothetical interest subsidy program that targets solely low-moderate income households.
On the first question, I find that a to achieve the same reduction in default risk from a one basispoint decline in mortgage rates, LMI homebuyers would need a supplemental down payment of $32. For example, a 25 basis point mortgage rate subsidy is equivalent to an $800 supplemental 1 Lower interest costs can also be achieved through FHA mortgage insurance funded by premiums paid by borrowers, although this does not constitute a subsidy if the insurance is properly priced. downpayment in that they both reduce default rates by 19 basis points. On the second question, I
find that the total resources needed to enable all such borrowers to pay in an extra down payment are well below the cost of an interest-subsidy program over a 15-year period. In addition to lower costs, what makes the down-payment program attractive is that it would create a significantly larger number of new homebuyers compared to the interest-rate subsidy. Even after accounting for renters who become homeowners as a result of the downpayment subsidy, the cost of the down-payment program still trails that of the interest-subsidy program by more than 30 percent.
But why would one expect one type of program to be better than the other? The advantage of a down payment program is that it would provide higher homeowner equity. Genesove and Mayer (1997) show that equity makes sellers more flexible in pricing, and reduces the time a house stays on the market. For a homeowner who lacks any pricing flexibility because the mortgage exceeds the value of his home, the only way out of homeownership is to pay the difference to the lender or to let the lender take over the property with all the associated losses. Simply subsidizing the mortgage rate does not provide the same benefits as a down payment. A lower rate would surely make payments more affordable and lower the instance of defaults. However, it may not permit an exit from homeownership that precludes default during bad times.
The advantage of interest subsidies is that while every low-income homebuyer would receive down payment assistance at the time of the purchase, the benefit of a subsidized mortgage rate accumulates over time only to those who stay current on their mortgages; that is, the interest rate program is a contingent subsidy. Whether the greater benefit of the down payment program or the contingent nature of below-market interest rates dominates in the end is an empirical question, which is addressed in this paper.
As a final note, the cost of either subsidy to the taxpayer also depends on program parameters.
Under the current housing finance policy, the interest-rate subsidy takes the form of a federal mortgage-interest tax deduction and its cost is fully borne by the taxpayer. A program that targets low-moderate income households could also be designed as a tax expenditure or it could be similar to USDA Section 502 direct loans, which are loans with subsidized payments to rural households. Down-payment assistance is provided at the local level through nonprofit organizations using a combination of public and private funds. In other words, while higher 3 down payments do require larger resources at origination-compared to an interest subsidy disbursed over time-the full cost is not necessarily borne by the taxpayer.
The main contribution of this paper is that it offers a way to compare alternative subsidy delivery mechanisms if we choose to preserve homeownership as a housing policy goal. It is a first effort in addressing an important policy question with imperfect data. Consequently, the results come with many caveats reported in Section 5. The remainder of the paper evaluates the subsidies.
The questions of whether homeownership should be subsidized and, if so, by how much, are beyond the scope of this paper.
II. Data and Method
In this section, I examine how homeowner subsidies affect loan performance and how much they 
II.a. Method
The LPS Applied Analytics dataset contains information on loan characteristics at the time of origination as well as during the life of the loan (see table 1 ). Using these characteristics, the estimation strategy involves predicting the probability and timing of default over a 15-year period if interest rates are subsidized by 0.25, 0.50, 075 or 1 percentage point for LMI borrowers.
Then, I estimate the amount of down-payment assistance that would produce the same default pattern as an interest-rate reduction. Given that both types of subsidies have the same default pattern, the second stage of the analysis involves estimating the net cost of the subsidies, taking into account not just the money that has to be spent but also the savings from lower losses.
Loans disappear from the sample for three reasons: loan default, prepayment, or the servicer's sale of servicing rights. I investigate default and prepayment with a gamma hazard model.
In the loan-default model, the hazard is defined as a delinquency period of 90 days or more.
Prepayments and loans that are sold or outlast the observation period are treated as censored observations. In the prepayment model, the prepayment is the hazard; defaults and other loans are treated as censored observations. Both models have the form (1) where T i is the hazard time from origination and the x's are the covariates defined in table 1. To estimate model (1) and predict the prepayment and default probabilities of the subsidized loans in the sample for each month, I split the sample into two groups, one for the estimation and one for the predictions. The estimation subsample consists of a randomly chosen one-third of all the loans, and the prediction subsample consists of the remainder. The subsidies are introduced to the prediction sample, either by reducing the loans' interest rate (0.25, 0.5, 0.75 or 1 percent) or by keeping the interest rate at its original level but reducing the origination amount by a supplemental down payment that generates a default profile equivalent to that of the interest-rate subsidy. After the predicted default and prepayment probabilities are determined in each month, a random draw from a uniform distribution-with support over
[0,1]-is used to determine whether a loan is prepaid, is in default, or survived the period. The prepayment and default behavior of the loans is predicted for 180 periods (through the end of 2017), using their original characteristics as well as the subsidized loan terms. In a market that appreciated at its historic rate before the housing boom (the average of the 1980-2000 period),
there was usually enough equity in the house after 180 periods to allow defaults without any loss to the lender. Each sample is simulated 100 times to obtain a distribution of outcomes.
As mentioned earlier, events after December 2005 are excluded from the estimation sample. The data presents some unique challenges. The first is the large number of missing observations in some critical variables, which creates sample-selection issues. Missing values in borrowers' debt-to-income ratios, credit histories, and completeness of loan documentation are of primary concern because of the obvious relationship between these variables and the loan's survival probability. I deal with this problem by including an inverse Mill's ratio for each of the three variables as a covariate. Each inverse Mill's ratio, ˆY λ , is estimated from the following probit model, where Y is an indicator dummy for a missing debt-to-income ratio, a missing credit history, or missing information on loan documentation.
( )
For the sake of brevity, I do not present these results, but I calculate the inverse Mill's ratio as
Proper identification requires finding instruments correlated with the missing observations but uncorrelated with the error term in the hazard model. Unfortunately, all variables in the LPS Applied Analytics dataset are chosen to capture factors that are relevant for the hazard rates.
Consequently, I have to rely on functional form for identification.
A univariate analysis of the data reveals that, on average, observations with a missing debt-toincome ratio have smaller loan sizes, are less likely to have prepayment penalties or negative amortization, and are more likely to have a balloon payment than observations with valid data.
Those with incomplete documentation have higher loan-to-value ratios and loan amounts but a lower likelihood of having a prepayment penalty, balloon payment, or negative amortization.
Those with missing FICO scores are smaller in size and shorter in maturity. They are less likely to have a prepayment penalty or negative amortization but more likely to have a balloon payment. It is likely that these missing values are caused by a particular servicer's not reporting these variables; unfortunately, servicer identity is not available in the LPS Applied Analytics dataset. X Y includes the variables stated above for each Y.
A second data challenge is the need to create a mortgage-rate history for every loan. The amount of the interest-rate subsidy in each month depends on the outstanding loan amount, which, in turn, depends on the history of mortgage rates. In the actual data, the rate history ends when the loan is prepaid or defaults. However, in the simulations, a subsidized loan is likely to survive beyond its actual survival time. This does not pose any problem for fixed-rate mortgages, but the series must be recreated for adjustable-rate mortgages using the base rate (such as COFI, COSI, prime rate, T-bill rate, LIBOR, etc.) and the mark-up, both provided in the LPS data.
Observations with missing base-rate type are deleted. If the markup is missing, the observation is deleted unless the loan went through at least one rate reset and the markup can be deduced from the latest rate and the base rate. Forward-looking base rates are assumed to remain constant at their last actual rate. In other words, all mortgage rates are treated as fixed going forward.
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After accounting for all the missing data, there are 258,656 observations in the estimation sample and 517,311 observations in the prediction sample.
Determining the default and prepayment paths of the loans in the prediction sample is the first stage of the analysis. The second stage is estimating the costs associated with the subsidies. The direct costs of interest subsidies and down-payment assistance are straightforward to calculate,
given that the loan characteristics and the number of borrowers are known. The challenge is the estimation of the subsidies' effect on loss in case of default. For that purpose, home values at default could be calculated using the appraisal value at origination, modified by the appreciation/depreciation rate of the Case-Shiller Home Price Index during the life of the loan in the state where the property is located. Moreover, the price received by the lender when the property is sold may be discounted by an additional 25 percent because the property is realestate-owned, and it takes a long time to sell a property in a down market (Pennington-Cross, 2006 , Campbell et al., 2010 . The difference between the discounted price and the outstanding loan amount is the gain/loss to the lender. Unfortunately, this strategy confirms that the housing bubble masked potential losses from default, as one might expect. There are also many effects of the crisis that I cannot disentangle from the mortgage performance. For example, interest rates declined to historically low levels following the severe recession, and adjustable-rate-mortgage borrowers benefited from the lower rates. What the rates would have been in the absence of the crisis is not an issue I deal with in this paper.
As a final note, recall that the simulations are based on 517,311 loans totaling $54 billion. This is a miniscule number relative to the overall size of the market. The total size of the market (as reported by LPS Applied Analytics), including all loans with missing information, is $290.5 billion. Furthermore, the LPS data captures only about one-third of the actual loans originated. Table 3 shows the coefficient estimates for the default and prepayment models, where the sign of the coefficient indicates the impact on survival probability. The coefficients of the default model have the expected sign. Higher interest rates, higher loan amounts (keeping appraisal value constant), lower FICO scores, adjustable interest rates, interest-only loans, lack of full documentation, and lower appraisal values are associated with lower survival rates. Similarly, prepayments are more likely if interest rates are high or variable, FICO scores are low, loan amount and debt-to-income ratios are high, and the loan is fully documented. Negative amortization loans, interest-only loans, and loans with prepayment penalties are less likely to prepay.
III. Results
Because the ultimate motive of supplemental down payments and interest subsidies is assumed to be the creation of sustainable homeownership, cost comparisons should be made after insuring that the outcomes are equivalent in terms of sustainability. In other words, long-term default outcomes must be the same. By equating the predicted December 2017 default rates in the interest-and down-payment-assisted pools, I find that a 1 basis point interest-rate subsidy is equivalent to a $32 supplement to down payments. Figure 1 shows the cumulative default pattern of the subsidized loans for different types and at different levels of the subsidy. The 180-month cumulative default rate is 11.5 percent in the unsubsidized pool, 11.3, 11.1, 10.9, and 10.7 percent in the $800, $1,600, $2,400, and $3,200 supplemental down payment pools, respectively.
The change in default rate from an additional $3,200 down payment represents 83,374
households exiting the default state by becoming successful or prepaying. The next step is to calculate how much it costs to reduce defaults through interest rate or down payment assistance.
The supplemental down payment required is the number of originations times the necessary amount per borrower. The cost of the interest-rate subsidy depends on how long the subsidized loans survive before being prepaid or going into default.
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The two types of subsidy also differ in the loss suffered in the event of default. Because the loan amounts are smaller, down-payment-assisted loans will suffer smaller losses at the time of default. The loan amounts at default come from the simulations. Figure 4 shows the loss profiles in two subsidized samples: 0.50 percent, 1 percent and their respective down payment programs.
At 0.5 percent, the losses in the interest-subsidy sample reach $5 billion, whereas the losses in the down-payment-assisted sample add up to $4.6 billion. Both compare favorably to losses of $5.6 billion that would occur in the absence of any assistance. If the interest subsidy is set at 1 percent, the losses are $4.5 billion and $3.8 billion in the interest and down payment pools, respectively. One must subtract the savings coming from reduced losses from the gross cost of the assistance programs when calculating the net costs. For example, the $3,200 down payment assistance costs $35 billion and it saves $1.8 billion, or around 5 percent. The net cost is close to $33 billion. The cost of the $1,600 down payment program would be a net $16 billion rather than the gross of $17 billion.
Therefore, it is determined by the prepayment and default paths generated by the simulations (figures 1 and 2). Figure 3 shows how the cost of each program varies at four different levels of assistance. Their ratio indicates that the cost of the interest-rate subsidy relative to the down payment assistance increases at higher levels of subsidy. To see why, one needs to recall the relative advantages of each type of subsidy. As we have discussed, the advantage of down payment assistance is that defaults are more sensitive to down payments than to interest rates. The advantage of the interest rate subsidy is that it is a contingent subsidy. However, as we increase the level of the interest rate subsidy, not only the cost per individual goes up but fewer of them default as well; in other words more people receive a larger subsidy. Therefore, the cost grows more rapidly.
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At this point, down-payment assistance seems like the lower-cost program. However, in addition to reducing defaults, the subsidies also incentivize renters to buy their homes. Using the estimates of Linneman et al. (1997) , a 1-percent interest-rate subsidy creates a 0.07-percent increase in the homeownership rate, which translates to 73,836 new homeowners. The $3,200 down-payment assistance reduces the average loan-to-value ratio by 3.1 percent and creates a 0.51-percent increase in homeownership rate or 541,627 new buyers. Assuming that the default and prepayment profiles, as well as the loss rates, for these new buyers will be identical to those for existing borrowers, the new buyers use up $297 million in interest subsidies or $1.6 billion in down-payment assistance. However, despite the large addition of new buyers, the down-payment program still needs 34 percent less resources.
III.b. Robustness Check
As mentioned earlier, Demyanyk and Van Hemert (2009) The improvement is mostly due to the declining sensitivity of defaults to interest rates in the absence of potentially poorly underwritten loans. The regression results and the cost analysis are omitted from the paper for the sake of brevity but are available up on request.
Another factor that may have a significant impact on the results is the potential for nonlinear relationships in the data. For example, the effects from downpayments might be close to linear because monthly payment is proportional to loan size, while effects coming from interest rates might be nonlinear because monthly payment is not proportional to interest rates. A one percent decline in interest rates would have a much less significant effect on monthly payments at higher 11 interest rates. To capture this nonlinearity, I repeat the analysis by replacing Int.Rate with log(1+Int.Rate). The regression results and the cost analysis are omitted from the paper but two findings are worth mentioning. First, the logged interest rate model provides a significantly poorer fit to the data based on a comparison of log-likelihoods. Second, the mortgage ratedownpayment trade-off deteriorates to $47.50 per basis point. Despite this deterioration, the downpayment program is still five percent cheaper than the mortgage subsidy program.
However, the second finding is suspect given the first finding. An alternative specification that uses Int.Rate and its square also provides a poorer fit.
IV. Policy Implications
Two policy issues arise from this analysis. The first is whether or not we want to spend tens of billions of dollars to increase sustainability (or reduce defaults) by a fraction of a percentage point (the largest subsidy we considered, 1% -$3,200, reduces defaults by 0.75 percent).
Assuming that this question is answered in the affirmative, the second issue is the funding options for the subsidies. As mentioned earlier, interest subsidies are currently funded through tax expenditures, but programs for down-payment assistance are funded through a mixture of public and private resources. I will assume that this structure will continue. In other words, interest-rate subsidies will continue to be paid entirely with tax money, while down-payment subsidies can be enhanced through private contributions. This is a sensible assumption, given the voluntary nature of private contributions. Interest-rate subsidies are disbursed over the life of the mortgage (although few mortgages are still alive after 15 years). Any private source would have trouble committing itself for such an extended period.
One complication of down-payment assistance is that it adds to the homebuyer's equity, so it could potentially be borrowed against by the homebuyer and spent on consumption instead of being a source of stability. There are ways to get around this problem-for example, by granting the assistance program a silent second lien on the property that is "talkative" enough to warn off home-equity-line-of-credit lenders but expires automatically if the homeowner stays in the house for a previously specified period.
It is also worth noting that the down-payment supplement does not have to be entirely in Still, if the numbers are reliable in terms of the actual additional savings they can create, such a savings program could potentially shave $11 billion (11 million borrowers at $1,000 each) from the cost of the down-payment program.
V. Caveats
This paper's findings come with many warnings attached. First, as mentioned earlier, the housing boom and bust most likely reduced the occurrence of defaults-as well as the severity of losses in default-and increased the occurrence of prepayments. Even though my analysis left out most of the home price boom and bust, their impact will still be felt indirectly through the path followed by mortgage rates, for example. Therefore, the loss estimates should be interpreted with caution.
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Second, program costs can be significantly reduced by limiting the subsidies to first-time homebuyers. People who managed to buy their first home can most likely buy their next without assistance. However, first-time-buyer information is not available in the dataset, so alternative cost analysis is not available.
Third, forecasting the default and prepayment paths of mortgages 15 years into the future, using three years' worth of observed data, can be a stretch. Yet the choice is unavoidable, given the data problems described earlier.
Finally, unlike down-payment assistance, which is disbursed at the time of purchase, the interestrate subsidy is disbursed over the life of the loan; i.e., it has higher duration. Consequently, its present value is very sensitive to the choice of discount rate. Recall that the calculations so far assumed a discount rate of 2 percent. At 4 percent discount rate, the net cost of the subsidy programs drops by about 4.4 percent. Still, the decline is not sufficient to close the gap between the two programs.
VI. Conclusion
There is clear evidence that many low-to-moderate-income homebuyers are wealth-constrained;
therefore, a dollar spent in down-payment subsidies is more successful at creating new homebuyers than a dollar spent in interest-rate subsidies. However, the recent crisis raised the important questions of whether these new homebuyers can actually remain homeowners in the long run and how much it costs to create successful new homeowners. This paper is an attempt at answering those questions.
I find that a dollar spent on interest-rate subsidies is not only less effective at encouraging homeownership than down-payment subsidies, but also less effective at reducing defaults. While the cost estimates of this paper can be improved upon with better data over time, the findings still suggest that down-payment programs have a pronounced edge over policies that target interest costs. 1  7  13  19  25  31  37  43  49  55  61  67  73  79  85  91  97  103  109  115  121  127  133  139  145  151  157  163  169 0  1  10  19  28  37  46  55  64  73  82  91  100  109  118  127  136  145  154  163 
